COLOR MEASUREMENT PROFILE WITH EMBEDDED 
CHARACTERIZATION 

BACKGROUND OF THE INVENTION 

Field Of The Invention 

[0001] This invention relates to the field of color management, and 
specifically relates to color management in which a device profile stores both a 
characterization process and measurement data. 

Description Of The Related Art 

[0002] Traditional color management systems (CMSs) use characterizations 
of color imaging devices to derive color transformations that transform color 
coordinates between a device-dependent color space that depends on the 
device, and a device-independent color space that does not depend on the 
device, such as a "profile connection space'" ("PCS"). The characterizations 
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are often stored in device profiles, such as those standardized by the 
International Color Consortium (ICC). Standardized device profiles, however, 
are inflexible because they must conform to a predefined specification. 

[0003] More recent CMSs utilize actual device measurements, which are 
sometimes referred to as "measurement-only profiles" (MOPs), even though 
this description is not strictly accurate. MOPs are used to drive the color 
conversion process, rather than relying on device profiles which may be 
generated by other programs. Although MOPs are advantageous because of 
their flexibility, their very flexibility leads to further problems. One such 
disadvantage, for example, is that MOPs must rely on pre-arranged 
characterization processes which define how measurements are obtained from 
a device and how they are used to generate a color transform. As such, since 
flexibility is bound by the pre-arranged characterization process, a traditional 
CMS may be unable to process a device profile in which color measurements 
are ordered or categorized in a non-standard manner. Furthermore, it may be 
difficult to add a new MOP characterization process to an existing CMS which 
may be pre-programmed with the characterization process of only one or just a 
few MOPs, requiring that new versions of the CMS be created each time a 
new type of device or device profile is created. 

[0004] One method of overcoming this problem is to incorporate the device 
characterization in a "plug-in" to the CMS. Here, the term "plug-in" means a 
software module which adds a specific feature or service to the CMS, such as 
the ability for the CMS to recognize a new device profile. Using plug-ins, 
existing CMSs can be upgraded to handle new devices or device profiles, by 
executing newer device characterizations as they become available. With 
plug-ins, however, the plug-able characterization process components must be 
available to the CMS via a shared network, disk, or the Internet. Moreover, 
since the CMS that needs the plug-in might be running in any number of 
different and incompatible computer platforms, the plug-in must be published 



in multiple different platform-dependent formats so that one format can be 
selected consistent with the computer platform on which the CMS is 
operating. 

SUMMARY OF THE INVENTION . 

[0005] It is an object of the invention to address disadvantages found in prior 
art CMSs. 

[0006] In one aspect of the present invention, a data structure used by a CMS 
to model color behavior of a color device stores both a measurement 
component and a characterization process component. The data structure is 
preferably stored as a device profile in ICC format, using custom tags. 

[0007] In more detail, the measurement component includes a collection of 
measurements, where each measurement represents at least one control signal 
by which a sample color measurement is obtained by effecting a corresponding 
color output from or input to the color device, or a set of color coordinates 
which correlate to the control signals, or both. 

[0008] The characterization process component includes platform- 
independent code for a characterization process by which the collection of 
measurements is processed to produce a color behavior model for the color 
device. The platform-independent code is a platform-independent language, 
such as Java or an intermediate language like Microsoft Intermediate 
Language (MSEL), so that the CMS can extract the platform-independent code, 
just-in- time compile or interpret the code to the native machine, and execute 
the characterization process on the measurement data, all to generate a color 
transform that transforms color coordinates between a device-dependent color 
space and a device-independent color space. 



[0009] Because the invention stores both a measurement component and a 
characterization process component by which measurements are processed, the 
invention provides flexibility to the CMS, since the CMS can find the 
information it needs to generate a transform in the data structure itself. 
Furthermore, by storing the characterization process in platform-independent 
code, any CMS can use it to generate color transforms, regardless of the 
platform on which the CMS is running. As such, by packaging both 
measurement data and a characterization process in a single data structure, the 
data structure provides excellent extensibility for CMSs that use it, while 
ensuring that color characterization results are reproducible. 

[0010] In a further preferred embodiment, the data structure also includes a 
control parameter component, which includes control parameters. The control 
parameter component may include user-selectable settings, such as brightness 
or contrast settings, or data indicative of the type or state of the device, such as 
dithering or halftone settings, or the type of ink cartridge installed. Other 
control parameters or viewing conditions which may affect how the color 
management system models color behavior, such as adopted white point, may 
also be included in the control parameter component. 

[0011] By adding a control parameter component to the present invention, the 
characterization process component may provide for a characterization process 
which processes measurement data over a wider range of user-selectable 
settings. Specifically, a color transform can be generated for a device, such as 
a printer, taking into account the condition or state of the device, such as 
whether the printer has a black ink, three color, four color or photo-ink 
cartridge installed. 



[0012] In a related aspect of the present invention, a CMS which generates a 
color transform to model color behavior of a color device includes a program 
memory and a processor, and the program memory stores a data structure 
including a measurement component and a characterization process 
component. The measurement component includes a collection of 
measurements, where each measurement represents at least one control signal 
by which a sample color measurement is obtained by effecting a corresponding 
color output from or input to the color device, or a set of color coordinates 
which correlate to the control signals, or both. The characterization process 
component includes platform-independent code for a characterization process 
which processes the collection of measurements to produce a color behavior 
model for the color device. The processor compiles or interprets the platform- 
independent code stored in the program memory, and executes the compiled or 
interpreted code on the measurement component to generate the color 
transform. 

[0013] The invention also contemplates the generation of a data structure by 
which color behavior is modeled, and the generation of a color transform using 
a data structure by which color behavior of a color device is modeled to 
generate a color transform. 

[0014] In more detail, the generation of a data structure by which color 
behavior of a color device is modeled includes a measuring step and storing 
steps. Color data for the color device is measured, where the color data 
represents at least one control signal by which a sample color measurement is 
obtained by effecting a corresponding color output from or input to the color 
device, or a set of color coordinates which correlate to the at least one, or both. 
The color data is stored in a measurement-only profile in a measurement 
component, and the platform-independent code by which the measurement- 
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only profiles are used to generate a color transform are stored, in a 
characterization process component. 

[0015] This brief summary has been provided so that the nature of the 
invention may be understood quickly. A more complete understanding of the 
invention can be obtained by reference to the following detailed description of 
the preferred embodiments thereof in connection with the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figure 1 depicts the exterior appearance of one embodiment of the 
invention. 

[0017] Figure 2 depicts an example of an internal architecture of the Figure 1 
embodiment. 

[0018] Figure 3 is a block diagram depicting a data structure used by a color 
management system to model color behavior of a color device, according to 
the present invention. 

[0019] Figure 4 is a flow chart depicting the process for generating a data 
structure by which color behavior of a color device is modeled, according to 
the present invention. 

[0020] Figure 5 is a flow diagram for using a data structure to model color 
behavior of a color device, according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[0021] Figure 1 is a view showing the exterior appearance of one embodiment 
of the invention. Specifically, Figure 1 depicts computing equipment 6, which 
includes host processor 4 which comprises a personal computer (hereinafter 
"PC") preferably having a windowing operating system such as Microsoft 
Windows XP®, Xwindows®, or Macintosh® operating systems. Provided with 
computing equipment 6 are color monitor 5 including display screen 7 for 
displaying text and images to a user, keyboard 1 1 for entering text data and 
user commands into PC 4, and pointing device 12. Pointing device 12 
preferably comprises a mouse, for pointing, selecting and manipulating objects 
displayed on display screen 7. 

[0022] Computing equipment 6 includes a computer readable memory 
medium such as floppy disk drive 9 and/or fixed disk 10 and/or CD-ROM 
drive 15. Such computer readable memory media allow computing equipment 
6 to access information such as image data, computer-executable process 
steps, application programs, and the like, stored on removable and non- 
removable memory media. In addition, network access 2 allows computing 
equipment 6 to acquire information, images and application programs from 
other sources, such as a local area network or the Internet. Scanner 1 and 
digital camera 16 allow computing equipment 6 to capture digital images. 
Digital camera 16 is a digital still camera or a digital video camera. 

[0023] Printer 14 is a color output device such as an ink jet printer or color 
laser beam printer. While printer 14 is shown as being directly connected to 
PC 4, it need not be. Printer 14 may be connected via a network (e.g., wired or 
wireless network, not shown), for example. 

[0024] Figure 2 is a detailed block diagram showing the internal architecture 
of the Figure 1 embodiment. As shown in Figure 2, PC 4 includes network 
interface 109 for network access 2, and a central processing unit ("CPU") 113, 
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which is preferably a Pentium-type microprocessor but need not be, that 
interfaces with computer bus 114. Also interfacing with computer bus 1 14 are 
fixed disk 10, random access memory ("RAM") 1 16 for use as main memory, 
read only memory ("ROM") 117, floppy disk interface 1 19 to allow PC 4 to 
interface with floppy disk drive 9, display interface 120 for interfacing with 
monitor 5, keyboard interface 122 for interfacing with keyboard 11, mouse 
interface 123 for interfacing with pointing device 12, scanner interface 124 for 
interfacing with scanner 1, printer interface 125 for interfacing with printer 14, 
and digital camera interface 126 for interfacing with digital input device 1. 

[0025] Main memory 116 interfaces with computer bus 1 14 so as to provide 
quick RAM storage to CPU 113 during execution of software programs such 
as the operating system application programs, and device drivers. More 
specifically, CPU 113 loads computer-executable process steps from fixed 
disk 9 or other memory media into a region of main memory 1 16 in order to 
execute software programs. Data such as color measurement data can be 
stored in main memory 116, where the data can be accessed by CPU 113 
during execution. 

[0026] Read only memory 117 stores invariant computer-executable program 
code, or program or process steps, for basic system functions such as basic 
input and output (I/O), startup, or reception of keystrokes from keyboard 11. 

[0027] As also shown in Figure 2, fixed disk 10 stores computer-executable 
code for a windowing operating system 130, application programs 131 such as 
word processing, spreadsheet, presentation, graphics, image processing, 
gaming, etc. applications. 

[0028] Fixed disk 10 also stores color management module 140. Color 
management module (CMM) 140 renders color image data from a source, 
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device-dependent color space into a PCS color image data which is in a 
device-independent color space, and vice versa. Color management module 
140 uses measurement data from color measurement profiles to generate the 
device transforms necessary to transform color image data into the color space 
of the destination color image data. 

[0029] In one example of the process, monitor-specific color data is converted 
to a printer's color space by first transforming the monitor color data to a 
device independent color appearance space (e.g., CIELab). A gamut mapping 
is performed on the CIELab output to map the colors to the gamut of colors of 
the printer. The gamut-mapped CIELab is then transformed into the 
printer-specific color space using the printer's device profile. 

[0030] The measurement data reflects measured color characteristics of the 
color measurement profile. Among other data, it contains plural pairs of 
device control values and colorimetric or spectral measurements associated 
with the device control values. This scheme allows a developer to develop, 
modify or control CMM 140 in order to achieve a desired rendering intent. 

[0031] The data structures by which color behavior of a color device is 
modeled of the present invention are preferably generated by computer- 
executable process steps which are stored on fixed disk 10 for execution by 
CPU 113, such as in one of application programs 131 or in CMM 140. The 
process steps for generating the data structures of the present invention are 
described in more detail below. 

[0032] It is also possible to implement a color setting selection module 
according to the invention as a dynamic link library ("DLL"), or as a plug-in to 
other application programs such as image manipulation programs like the 
Adobe® Photoshop™ image manipulation program. 
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[0033] Fixed disk 10 further stores computer-executable code for data 
application programs 131 that generate the data structures which model color 
behavior, digital camera driver 132, monitor driver 133, printer driver 134, 
scanner driver 135, other device drivers 136, image files 137, other files 138, 
and color model data structures 139. 

[0034] Figures 1 and 2 illustrate one example of a computing system that 
executes program code, or program or process steps, configured to generate a 
color transform using a data structure by which behavior of a color device is 
modeled. Other types of computing systems may also be used as well. 

[0035] Figure 3 is a block diagram depicting a data structure used by CMM 
140 to model color behavior of a color device, according to the present 
invention. Briefly, according to this aspect, the data structure includes a 
measurement component storing a collection of measurements, a 
characterization process component storing platform-independent code for a 
characterization process which processes the collection of measurements to 
produce a color behavior model for the color device. Preferably, a control 
parameter component is also included for storing control parameters 
representing a type or state of the color device, or a device viewing condition. 
The characterization process component processes the collection of 
measurements in accordance with the control parameters, in order to produce a 
color behavior model for the color device corresponding to the type or state of 
the color device. 

[0036] In more detail, the data structure used by a color management system 
to model color behavior of a color device includes a measurement component 
351, which contains measurement data. Measurement component 351 
includes a collection of measurements, where each measurement represents at 



least one control signal by which a sample color measurement is obtained by 
effecting a corresponding color output from or input to the color device, or a 
set of color coordinates which correlate to the control signals, or both. 
Measurement component 351 includes regions for storing control signal data 
352 and a measurement of the resulting color whose coordinates are stored in 
color coordinate data 354. 

[0037] The measurement component 351 provides a mapping of a device's 
color definition by correlating a sampling of colors in a device-dependent 
color space to color measurements of the color samples taken in device- 
independent color space. The measurements are taken using a measurement 
device, such as a spectrophotometer or colorimeter. In this embodiment, 
control signal data 352 comprises device dependent coordinates (such as RGB 
coordinates) for multiple color patches representative of the full color gamut 
of the device. Color coordinate data 354 comprises corresponding CDELAB 
coordinates measured from color patches, such as color patches produced by 
an output device or color patches captured by a color input device. Although 
this organization is preferred, others are possible. For example, instead of 
storing a control signal-color measurement pair, the measurement component 
351 can store a 1 -dimensional array of control signals which correlate to 
preselected or standardized set of color measurements. 

[0038] The data structure also includes a characterization process component 
355. The characterization process component 355 stores platform-independent 
code 356 in a platform-independent language, such as Java or MSIL. The 
platform-independent code 356 is platform-independent so that the color 
management system can extract and just-in- time compile or interpret the code 
to the native processor, and execute the characterization process on the 
measurement data. The platform-independent code 356 stored in the 
characterization process component 355 implements an algorithmic model to 
perform the transformation between color spaces using the measurement data 
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provided in the measurement data component 351. Once executed, the 
characterization process generates a color transform that transforms color 
coordinates between a device-dependent color space and a device-independent 
color space. 

[0039] By storing both a measurement component 351 and a characterization 
process component 355 by which measurement data is processed, the present 
invention provides flexibility to the CMS, since the CMS can find the 
information it requires to generate a color transform within the data structure 
itself. 

[0040] Moreover, by storing the characterization process in platform- 
independent code, any CMS can generate color transforms, regardless of the 
platform on which the CMS is running. As such, the data structure provides 
expanded extensibility for underlying CMSs by packaging both measurement 
data and platform-independent code in a single data structure, ensuring that 
color characterization results are readily reproducible. 

[0041] Furthermore, the data structure preferably includes a control 
parameters component 360. The control parameters component 360 stores 
user-selectable settings 361, device state settings 362, and/or other control 
parameters 363. User-selectable settings includes settings such as brightness 
and contrast. Device state settings 362 includes data indicative of the type or 
state of the device, such as dithering or halftone settings, or the type of ink 
cartridge installed.. Other control parameters 363 includes parameters or 
viewing conditions which may affect how the color management system 
models color behavior, such as the adopted white point. 

[0042] By adding a control parameter component, the characterization process 
component can process measurement data over a expanded range of user- 



- 13 - 

selectable or device state settings. In particular, a color transform can be 
generated for a device, such as a printer, taking into account the condition or 
state of the device. For instance, a color transform may be customized 
depending on whether a printer has a photo-ink cartridge or black ink 
cartridge, or depending on the type of paper provided. 

[0043] In an additional preferred aspect, the data structure is stored as a 
device profile in ICC format, using custom tags. 

[0044] Figure 4 is a flow chart depicting process steps for generating a data 
structure by which color behavior of a color device is modeled. Briefly, 
according to Figure 4, color data for the color device is measured, where the 
color data represents at least one control signal by which a sample color 
measurement is obtained by effecting a corresponding color output from or 
input to the color device, or a set of color coordinates which correlate to the at 
least one, or both. Additionally, color data is stored in a measurement-only 
profile in a measurement component, and platform-independent code by which 
the measurement-only profiles are used to generate a color transform is stored 
in a characterization process component. 

[0045] In more detail, the method for generating a data structure by which 
color behavior of a color device is modeled includes a measuring step (step 
S401). In the measuring step, color data for the color device is measured, 
where the color data represents at least one control signal by which a sample 
color measurement is obtained by effecting a corresponding color output from 
or input to the color device, or a set of color coordinates which correlate to the 
set of control signals, or both. 

[0046] As an example, for a color input device such as scanner 1, a collection 
of color patches are captured by the input device, and the color patches are 
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measured using a device-independent color space. The control signals for the 
color input device corresponding to each of the color patches can then be 
paired with the each of the device-independent color measurements, to output 
device coordinate information. 

[0047] The method also includes a color data storing step (step S402). In the 
color data storing step, color data is stored in a measurement-only profile in a 
measurement component. 

[0048] Furthermore, the method also includes a platform-independent code 
storing step (step S404). In the platform-independent code storing step, 
platform-independent code by which the measurement-only profiles are used 
to generate a color transform are stored, in a characterization process 
component. 

[0049] According to a related aspect of the invention, a color management 
system is provided which generates a color transform to model color behavior 
of a color device. Briefly, this color management system includes a program 
memory for storing a data structure and a processor. 

[0050] In more detail, the color management system includes a program 
memory. The program memory includes a measurement component for 
storing a collection of measurements, wherein each measurement represents at 
least one control signal by which a sample color measurement is obtained by 
effecting a corresponding color output from or input to the color device, or a 
set of color coordinates which correlate to the control signals, or both, and a 
characterization process component for storing platform-independent code for 
a characterization process which processes the collection of measurements to 
produce a color behavior model for the color device. The platform- 
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independent code, stored in the characterization process component, is written 
in a platform-independent language, such as Java or MSIL. 

[0051] Additionally, the color management system includes a processor. The 
processor is for compiling or interpreting the platform-independent code 
stored in the program memory and executing the compiled or interpreted code 
on the measurement component to generate the color transform. By using a 
platform-independent language, the CMS can extract and just-in- time compile 
or interpret platform-independent code, and the processor can execute the 
characterization process on the measurement data to generate a color transform 
that transforms color coordinates between a device-dependent color space and 
a device-independent color space, regardless of the platform which underlies 
the CMS. 

[0052] By storing both the measurement component and the characterization 
process component in the program memory, the CMS can find the information 
it needs for the processor to generate a transform, within the CMS itself. 
Moreover, by storing the characterization process in platform-independent 
code in the program memory, any CMS can utilize the characterization process 
to generate color transforms, regardless of the platform on which the CMS is 
running. As such, by packing both measurement data and a characterization 
process within the program memory, the CMS is provided with excellent 
extensibility, while ensuring that color characterization results are 
reproducible. 

[0053] Figure 5 is a flow diagram for explaining operation of a CMS 
according to the present invention. 

[0054] According to this aspect of the invention, a method is provided for 
generating a color transform using a data structure by which color behavior of 
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a color device is modeled. Briefly, this method includes a compiling step for 
compiling or interpreting platform-independent code stored in a data structure 
to output computer-executable code and an execution step for executing the 
computer-executable code on the measurement component to generate the 
color transform. 

[0055] In more detail, the method for generating a color transform using a 
data structure by which color behavior of a color device includes a compiling 
step (step S501). The data structure stores a measurement component for 
storing a collection of measurements, where each measurement represents at 
least one control signal by which a sample color measurement is obtained by 
effecting a corresponding color output from or input to the color device, or a 
set Of color coordinates which correlate to the control signals, or both. The 
data structure also stores a characterization process component for storing the 
platform-independent code, where the platform-independent code represents a 
characterization process which processes the collection of measurements to 
produce a color behavior model for the color device. 

[0056] In the compiling step (step S501), the CMS extracts and just-in- time 
compiles or interprets the platform-independent code to the native machine. 
By coding the characterization process in a platform-independent intermediate 
language, a CMS can compile or interpret the platform-independent code 
regardless of the platform on which the CMS is running. 

[0057] Additionally, the method includes an execution step (step S502). In 
the execution step, the characterization process is executed on the 
measurement data, to generate a color transform that transforms color 
coordinates between a device-dependent color space and a device-independent 
color space. 
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[0058] Because the invention stores both a measurement component and a 
characterization process component by which measurements are processed, the 
invention provides flexibility to the CMS, since the CMS can find the 
information it needs to generate a transform in the data structure itself. As 
such, by packaging both measurement data and a characterization process 
together, the method for generating a color transform using a data structure by 
which color behavior of a color device according to the present invention 
provides excellent extensibility for CMSs that use it, while ensuring that color 
characterization results are reproducible. 

[0059] The invention has been described with particular illustrative 
embodiments. It is to be understood that the invention is not limited to the 
above-described embodiments and that various changes and modifications 
may be made by those of ordinary skill in the art without departing from the 
spirit and scope of the invention. 



